Impact of different diagnostic thresholds and the anaemia-ferritin-transferrin receptor model on the prevalence of anaemia and impaired iron status in older people
SIR-Anaemia is common in older people (defined here as aged 65 years and older). Prevalence increases with age [1] : a systematic review of the literature has shown a wide range of estimates in the older population, ranging from 2.9% to 61% in men, and 3.3% to 41% in women [2] , depending on the setting, age groups and definitions used [3] . Thresholds defining diagnosis of anaemia are therefore crucial and have been the subject of considerable scientific debate [4, 5] .
The WHO criteria for anaemia uses a haemoglobin (Hb) threshold of <12.0 g/dl (<7.5 mmol/l) for women and <13.0 g/dl (<8.1 mmol/l) for men [6] . However, these criteria were developed in 1968 based on statistical distributions equivalent to two standard deviations below the mean in a reference sample aged <65 years. A lower threshold [Hb <11.5 g/dl (<7.2 mmol/l) for both sexes], the Joosten's criterion, has been suggested for older people to identify all causes of anaemia [5] .
The most common cause of anaemia in older people is anaemia of chronic disease (ACD) rather than iron deficiency (IDA) [7] . Anaemia can be a marker of underlying diseases, such as chronic renal insufficiency, chronic inflammation, congestive heart failure, cancer, bone-marrow failure or malnutrition, as well as of iron deficiency [8] . However, between 16% and 35% of anaemia cases do not have an identifiable underlying cause [8] . There is also a sub-group with both ACD and IDA: the 'mixed anaemia' group. The challenge for the clinician is to identify the cause of anaemia, as well as the group that requires further investigation of the anaemia presented.
There are comparatively little data on the iron status of free-living older people in the general population in England. This research letter explores the difference in the prevalence of anaemia using two different thresholds-WHO and Joosten's, mentioned above-in a cross-sectional nationally representative random sample of older people from the Health Survey for England (HSE), 2005 [9] . Please see Appendix 1 in the supplementary data (available at Age and Ageing online) for more details.
Serum ferritin is still regarded as the most useful test to define iron status, as serum levels are proportional to body iron stores. Soluble transferrin receptor (sTfR) appears a promising marker in older people, as expression is elevated in the iron-deficient state. We used the ferritin-serum transferrin receptor model (ferritin <45 ng/ml and sTfR >2.3 g/l) to determine the prevalence of impaired iron status in the population described. Application of the anaemia-ferritinserum transferrin receptor model (Joosten anaemia criterion: ferritin <45 ng/dl: sTfR >2.3 g/l) in clinical practice is also discussed.
Results
Hb levels decreased and the prevalence of anaemia by the WHO criteria increased for both sexes with age. As expected, the prevalence of anaemia using Joosten's criterion was much lower, given the lower Hb threshold for diagnosis (Table 1) .
In terms of iron status, women had slightly lower rates of elevated sTfR compared with men; the rates increased significantly in both sexes after the age of 80 years. More people had low Hb and low ferritin than had low Hb and high sTfR or low Hb and both low ferritin and high sTfR.
The odds of having anaemia defined using the WHO criteria increased with age and with the presence of longstanding illness ( Table 2 ). These odds were more than three times higher in those aged 80 and over than in those aged 65-69. There were similarly high odds for those with self-reported limiting longstanding illness, compared with those with no longstanding illness. Those with a low serum ferritin levels were twice as likely to have anaemia, while those with a raised sTfR were three times as likely.
When anaemia was defined using Joosten's criterion, odds of being anaemic were again raised among older people and those with longstanding illness. Ferritin levels were not associated with anaemia once other factors were included in the model, but those with a raised sTfR were six times as likely to be anaemic. BMI was significantly associated with Joosten's anaemia, with a much lower risk of anaemia among overweight and obese individuals. Also, those drinking any alcohol in the previous 7 days had a lower risk of anaemia than those who had not done so.
Discussion
HSE data from 1998 to 2000 showed that 16% of men and 11% of women aged 65 years and over living in private households were anaemic, according to the WHO criteria [10] . In 2005, using the same criteria, 12% of both men and women in the HSE sample were anaemic; the decrease in men was statistically significant (P < 0.05) but may be a chance finding. These findings are in agreement with research on older people in other developed areas such as the United States [3] and Europe [5] , where there is also a high prevalence of anaemia using the WHO criteria. However, utilizing the WHO criteria may overestimate the anaemia prevalence.
Impaired iron status (ferritin <45 ng/ml and sTfR > 2.3 g/l) rises with age for both WHO and Joosten's criteria for both sexes. 'Impaired iron status' is used here, rather than 'iron deficiency', because bone-marrow studies were not performed. It is often assumed that anaemic older adults with a serum ferritin between 18 and 45 ng/ml are iron deficient, but data based on bone-marrow studies suggest that no >65% are iron deficient [11] , although a similaralbeit small-Scottish study suggests a figure of >80% [12] . Determining sTfR level may reveal additional information on iron status.
Although ferritin rises with age [13, 14] , expression of sTfR appears unchanged with age [13] . Logistic regression analysis suggests that sTfR >2.3 g/l is a better predictor of IDA (using either of the two criteria for anaemia) than ferritin <45 ng/ml. This was seen especially with the Joosten's criterion, where ferritin <45 ng/ml was not associated with anaemia once other factors were taken into the model. Raised sTfR is more likely to reflect depleted body stores as, unlike ferritin, there is only minimal change in sTfR during the iron depletion phase in quantitative phlebotomy studies until the onset of tissue iron deficiency [15] .
Those reporting a non-limiting longstanding illness were 70% more likely to be anaemic, and those with a limiting longstanding illness were more than three times as likely to be anaemic than those not reporting a longstanding illness, even after adjustment for other relevant factors. These subjects are likely to have ACD often associated with adequate iron stores [14] and an inability to mobilise iron from storage sites. Therefore, oral iron supplementation may not correct ACD and can be harmful, as iron-loaded macrophages tend to have impaired response against intracellular pathogens [16] . Although obesity is associated with serum iron markers typical of chronic inflammation, it is not actually associated with ACD [17] . Like obesity, alcohol consumption (≤2 alcoholic drinks per day) has been associated with the reduced risk of iron deficiency [18] . Mixed anaemias (ACD and IDA) are encountered in several clinical conditions [19] Identification of this sub-set can be challenging as no particular measure can be validated. Serum ferritin is a poor discriminator for mixed anaemias, as are ZPP [19] , MCV [11] and transferrin saturation [19] , which are all affected in chronic inflammatory states. These impose limitations on the ferritin and MCV models. We propose that the anaemia-ferritin-transferrin receptor model [anaemia defined by Joosten criterion (Hb <11.5 g/dl), low ferritin (<45 ng/ml) and raised sTfR (>2.3 g/l)] may help identify mixed anaemia without bone-marrow studies. Punnonen et al. [20] used the ratio of sTfR and the log of ferritin: the 'sTfR-ferritin index', which was a better indicator of iron status than merely using sTfR alone.
In conclusion, this research has highlighted the differences in anaemia prevalence using various thresholds for anaemia in older people. Definitive debate is required to ascertain whether alternative age-specific international criteria for anaemia are required, particularly for this age group, based on a lower Hb threshold. Raised sTfR, although a better predictor for iron-deficient anaemia than a low ferritin of <45 ng/ml, requires both parameters to help define iron status. The anaemia-ferritin-transferrin receptor model may therefore aid physicians on decisions to investigate anaemia in older people. 
Key points
• HSE 2005 results show that odds of having anaemia, defined using WHO criteria, increase with age and with the presence of longstanding illness.
• In a multivariate model, older subjects with serum ferritin level (<45 ng/l) were twice as likely, while those with a raised sTfR were three times as likely, to have anaemia.
• Impaired iron status (serum ferritin <45 g/dl and sTfR >2.3 g/l) increases with age. However, as both serum ferritin and sTfR also rise with age, this limits use of these parameters as iron status markers on their own.
• The anaemia-ferritin-transferrin receptor model (Joosten anaemia criterion: ferritin <45 ng/dl and sTfR >2.3 g/dl), however, may aid clinical decisions on whether to investigate anaemia in this age group.
Ten year trends in health inequalities among older people, 1993-2003
SIR-In most western societies, socioeconomic position operates as a powerful discriminator of health status and risk of premature mortality [1] . This pattern is visible throughout the life course from young people to the oldest old [2] [3] [4] [5] [6] [7] [8] [9] . Self-rated health (SRH) has often been used in studies on health inequalities [1, 10] , and it is recommended as a health measure by the WHO [11] . Associations of poor SRH with morbidity and mortality are well established among people with different ages. The associations have been shown to be maintained even when other health measures such as cardiovascular disease (CVD), diabetes, cancer and functional capacity are controlled [12] [13] [14] .
Although studies of SRH among older people have gained prominence in recent years, the results lack coherence [9, [15] [16] [17] [18] . Studies concerning cohort changes in SRH have found both improved and deteriorated levels among older people [19] . A recent study from the US suggested a stable or a slightly improved level of SRH among older people from the early 1990s onwards [20] . Results from Sweden indicated stable figures of SRH among older people [9] .
There has been a strong impetus for strategies to prevent CVDs in Finland [21] . In fact CVD mortality in Finland has declined considerably since 1970s.
Results from Sweden have indicated some of the CVDs to be increased from the 1980s to the early 2000s among older population aged 65-84 years [22] . CVDs have also been found to be associated inversely with several indicators of SES, including education [23] .
Reducing socioeconomic health inequalities has been a central goal in national public health programmes in several countries, including Finland [24] , since the 1980s. Even though positive changes in health and functional ability have been found in many countries, health disparities have been either stable or slightly increasing among those of working age [25] . Less is known, however, about the trends of health inequalities among older people. A study from Sweden showed no changes in socioeconomic disparities in SRH among older people between the early 1990s and 2000s [9] . A study from the UK suggested an inverse wealth gradient in the onset of poor SRH among older people. This gradient prevailed up to the age of 75. The wealth gradient diminished among people aged 75 and over [26] .
Among people of working age, several alternative measures of socioeconomic position have been used, such as education, occupational social class, income and housing tenure. The most often used socioeconomic measures among older people have been fewer, including education and previous occupation [3, 7, 16, 27, 28] .
There are no studies on trends of SRH or CVD inequalities among older people from the early 1990s in Finland, and only a few studies have been conducted elsewhere. To contribute to this important area of research, the aim of this
